Pulp mill is one of the heavy industries that consumes large amount of electricity in its production. In particular, the breakdown of the generator would cause other generators to be overloaded. Thus, load shedding scheme is the best way in handling such condition. Selected load will be shed under this scheme in order to protect the generators from being damaged. In the meantime, the subsequence loads will be shed until the generators are sufficient to provide the power to other loads. In order to determine the sequences of load shedding scheme, analytic hierarchy process (AHP) is introduced. Analytic Hierarchy Process is one of the multi-criteria decision making methods. By using this method, the priority of the load can be determined. This paper presents the theory of the alternative methods to choose the load priority in load shedding scheme for a large pulp mill.
Introduction
In pulp mill, there are quite a number of areas of land being used to allocate the equipment and devices [1] . The electrical system must be well managed in order to ensure that the operation in the mill is fully utilized. However, there might be breakdown in the electrical system due to the longer working period of the machines. The malfunction of the equipment or devices might cause huge losses to the company. Due to this, the load shedding scheme is needed in the pulp mill to prevent damage of the power generator. In order to provide the manageable and controlled over the whole system in the pulp, an advance and relevant mill wide automation system and mill wide electrical load shedding system are placed in the centre of a control room which are operated by the well trained engineers or technicians [2] . There are a lot of supervisory control and data acquisition (SCADA) system providers and SIEMENS is one of them [4] . SIEMENS provides the software which can communicate with SIEMENS PLCs using various communication devices in different protocol.
Commonly, the protocol of the devices is object linking and embedding process control (OPC), Profibus and Modbus [3] . By using SCADA, engineers or technicians can monitor the electrical system in the control room and take the fastest response towards any problems occurred. With the SCADA system, the remote switching of equipment or devices can also be done. This is effective in order to reduce the down time of the system. Load shedding is defined as the action of switching off the electrical supply to parts of the electricity system [4] . Load shedding might cause the loss of some information but it is possible to keep other equipments or devices which are more important to operate [5] . The system will operate as normal once the system had been restored. Although the practice is rare, it is a core part of the emergency management of all the electricity networks [5] . There are several ways in handling load shedding problems. For example, proportional or priority load shedding are commonly used to alleviate network violations [6] . The loads will be cut off if the power flow and voltage could not be alleviated. Another technique which is optimal power flow (OPL) method which is proposed by Dornellas et al. [7] in order to solve the over curtailed problems. Besides, Wang and Billinton [8] also proposed optimum load shedding techniques to minimize the interruption cost in the power system. No matter how, the main purpose of the load shedding is to prevent the damage of the whole system.
Background of study 2.1. Information of pulp mill
The load shedding scheme in a pulp mill is being studied. Fig.1 illustrates the electric power system of the pulp mill. Basically, the pulp mill electrical system can be divided into a few parts such as: i. 3-phase, 50Hz voltage level  High voltage  :  110kVac  Medium voltage  :  35kVac and 6kVac  Low voltage  :  690Vac and 400Vac  ii. 3×Turbine generator: 2×120MW+90MW=330MW and the connection to 220kV grid system.
The studies of application of AHP and fuzzy AHP will be conducted based on the information given as shown in Fig.1 . The connection from the system to the grid had been tripped and the connection of the 90MW generator had been cut off. The generator is overloaded. In such circumstances, the load shedding scheme is activated. There are three main bus bars in the pulp mill electrical system. However, the bus bar 3 contains the RC boiler is having exception from the load shedding scheme. The boiler plays an important role in power recovery [9] . This is because the boiler will keep generating the steam for the steam turbo generator in order to make sure those operations of others equipments do not come to a halt. The loading estimation are tabulated as in Table 1 . 
Application of analytic hierarchy process
The AHP approach is a powerful and flexible decision making process, and it was developed by Dr. Thomas Saaty, professor at the University of Pittsburgh [10] . It can be used either for the analysis or comparison among criteria. Christos Douligeris [11] had used AHP in analyzing and comparing the quality of several telecommunications companies. He also made the evaluation of alternate technologies in telecommunication [11] . For the application of load shedding for shipboard power systems, Z.P. Ding, S. Srivastava, and D. Cartes used AHP loads priority selection [12] . They used AHP to calculate the weight factor of each system criterion and it is effective. Generally, the load shedding of shipboard power system (SPS) is performed in several stages. The load shedding stage will trigger one by one until the load had been curtailed to the preset safe level. The triggering time for the power relay is preset by the technicians or engineers. If the stage 1 of the load shedding scheme did not reduce the electric plant load sufficiently, the stage 2 will shunt the breakers automatically [11] . H.H. Goh and B.C. Kok proposed the idea of AHP in load shedding scheme for the electrical power system [9] . As in the paper, the judgments of the importance of the criteria are based on the experiences gained. For instance, the frequency is 5 times more important than voltage whereas the important of frequency is also twice of the stability [9] . In the study, they had also justified 5 criteria and 5 alternatives as the elements in determining which is the most prior to the load shedding scheme [9] . On the other hand, Les Frair et al. had used Analytic Hierarchy Process in undergraduate curriculum evaluation. During the evaluation, the affected parties (students, faculty, employers, etc.) evaluate the curriculum alternatives through internet web site [13] . Besides, the AHP approach is also used in solving management problem. For example, Krystal Ramoutar and Chanan S. Syan analyzed the critical factors associated with successful implementation of WCM techniques in ISO 9001 certified firms based on AHP. They found that resistance to change is the most critical factor that leads to successful of ISO9001 implementation [14] . S. Yue, J. Yu, and B. Liang used the combination of data envelopment analysis (DEA) and AHP in their research on based assessment method of power system black-start effective schemes of ancillary services. By using the AHP approach, the best sequence of restoration path had obtained [15] . In the production of a company, the selection of machine tool must be done wisely. There are a lot of criteria need to be considered such as cost, profit, and period of modal returning. In order to make the best decision with given conditions, E. Cimren et al. used the AHP approach in machine tool selection. The priority of the alternatives can be changed from time to time. For example, one of the alternatives in machine tool named MX-50HB was ranked in the first place if cost analysis is the most prior for all the criteria. However, once the most prior criteria changed to reliability, machine tool named V-40 became the first among alternatives [16] . Thus, it is possible to make the final decision if the priority among cost and reliability could be identified clearly.
AHP algorithm
Various forms of AHP are available in research works nowadays. However, this paper will use the form which is introduced by Dr. Thomas L. Saaty. The way in finding the pair wise comparison values is differs with other versions of AHP analysis. Some other methods are using the normalized pair wise comparison values within the matrices. The corresponding weights are obtained from the average values in each row. However, this paper emphasized on getting the n th root of product of the pair wise comparison value in each row of the matrices and then normalizes the aforementioned n th root of products to obtain the corresponding weights and ratings. The process of AHP analysis can be shown in 3 steps as shown below:
Step 1: Develop the weights for criteria
• Develop a single pair wise comparison matrix for the criteria. For this paper, the ratio between criteria is obtained.
• Multiplying the values in each row to obtain the n th root of product and find the total root of product in whole system. 
where n is the positive integer number.
• Normalizing the n th root of product to get the appropriate weights. Step 2: Develop the rating for each alternative in each criterion
• The process is the same as in Step 1. However, the single pair wise comparison matrix must be done for each criterion individually.
Step 3: Calculate the overall weights and determine the priority • The final score for each alternative is the summation of the product of criterion to alternative.
• There will be n number of overall weight and n must be an integer that does not exceed 9. 
Results and analysis
From the Table 1 , there are 7 information of the pulp mill listed. They are area, estimation of area power, Siemens load list, load factor, estimation of operating load power, LV motor and HV motor. For the area, it is essential for the analysis because it can clarify which part of the electrical system is facing problems. Estimation of area power is the information of power that delivered to the area. For the estimation of operating load power, it shows how much is the output power of that area. On the other hand, the Siemens load list will only work with Siemens software and hence, it does not included in the load shedding analysis. The same goes to load factor, most of the area has the same value. For the LV and HV motor, the availability of the motor will only affect the reactive power. Generally, name of the area, estimation of area power and estimation of operating load power are the key points in load shedding scheme. From the key points selected, estimation of area power and estimation of operating load will be the criteria for the load shedding analysis. In the meantime, the alternatives of the criteria can also be determined. As discussed in Section 2, there 4 areas that more significant which are CIO2 REC, NaOH REC, PDM and FL. Hence, the criteria and alternatives of the system have fulfilled the conditions for AHP analysis. The relationship of the parameters can be illustrated as in Fig.3. 
Result by applying formula
• Develop a single pair wise comparison matrix for the criteria. The ratio of total operating load to the total of area power and vice versa had been obtained as in Table 2 . • As in Fig.3 , there are two criteria need to be considered in order to achieve the goal. Thus, the number of root, n=2.
• The root of product for each criterion can be obtained by using (1) and is shown in Table 3 . • The weights among the criteria, W c is given by: Table  4 . • Therefore, the weights of alternatives in operating load consideration, W CA1 are: • The result of alternatives sequences in operating load can be shown in Fig.4 .
• Since the number of alternatives, n=4, hence the consistency ratio, CI has to determine by using (3), (4), and (5). Step 2 (ii): Develop the rating for each alternative in area power • The pair wise comparison matrix for the alternative under area power evaluation is as follow: • There are 4 alternatives under evaluation of area power. Thus, the number of root, n=4. Table V shows the 4 th root of product for the area power. • The weight for each alternative under evaluation of area power can be obtained by using (2) . The weights of alternatives for area power, W CA2 are: • The results for the priority of loads under evaluation of area power can be illustrated in Fig. 5 .
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• By applying the (3), (4), and (5), we calculate consistency ratio, CR.
The CR is less than 0.1 which is within the reliable range and hence, checking of CR is not required.
Step 3: Calculate the overall weights and determine the priority • In order to calculate the overall performance for the loads, the overall weights for alternatives can be obtained by using (6).
• As the results, the overall performance can be illustrated as in Fig.6 .
• From Fig.6 It is clearly being seen that the FL load will be the first load to be shed when load shedding scheme is activated. This is because FL load consumes the highest electrical power under AHP approach. The SCADA system will keep tracing the condition of the electric power balancing in the islanded electrical system. Once the generator is still overloaded, the CIO2 REC will be the second load to be shed. Same goes to NaOH REC and PDM. For the comparison purpose, the AHP analysis for load shedding had also been done by using Expert Choice software. The algorithms in solving AHP problems are similar with the manual calculation. In addition, the pair wise comparison table can be built by using numerical, verbal, or graphical method. First of all, the pair wise comparison table is built. The pair wise value is determined based on the priority comparison between criteria. Fig.8 shows the process of inserting the pair wise value to the software by using graphical comparison method.
Overall Score

CIO2 REC 26%
NaOH REC 22% PDM 22% Expert choice enables users to save the time in process of calculation. Thus, the analysis continues by entering the pair wise values for alternatives. The priorities of the alternatives are being compared for each criterion. As in Fig.9 , the pair wise comparison table of alternatives for operating load had been built by using numerical method.
By applying the same process which similar to Fig.9 , the pair wise verbal comparison of alternatives for area power can be illustrated in Fig.10 .
In fact, there are no different in analyzing the data entered in Fig8, Fig.9, and Fig.10 . The graphical, numerical, and verbal pair wise comparison methods are providing convenience for users to make the comparison. The pair wise graphical method is recommended in this paper. This is because the ratios of pair wise comparison are quite close to each others. By using the graphical method, the difference among the criteria and alternatives are more significant. Last but not least, the final result computed by using expert choice can be shown in Fig.11 . From Fig.11 , the sequences of the load priority are same as the calculated results. The sequences of the load shedding scheme are FL, CIO2 REC, NaOH REC and lastly PDM. Although the value of the weights are different, the roughly concept is still the same. Hence, the SCADA system can act properly to shed the load when necessary by using AHP priority selection method.
Discussion
Generally, the results computed by expert choice are similar to the manual computation. Hence, by using the combination AHP algorithm programming in the SCADA system, the system might be response faster. In addition, the AHP algorithm only applied basic mathematic operands; it would not cause the burden to the operating system. In fact, the expert choice is using the same algorithm as the theory. Hence, the computation time can be minimized. In this paper, the priorities of the alternatives were clearly been stated by using AHP algorithm. The judgments are based on the logical consequence. Besides, the inconsistency evaluation toward judgments can be done in order to avoid the conflict of decision. The inconsistency level of the result might misjudge the priority. Due to this, the inconsistency level must be always less than 0.1. These are advantages of AHP. The outcome of the analysis can convince the others in decision making. However, AHP has some drawbacks. One of the major disadvantages is the ability in considering vagueness condition. AHP can only solve the problems which the levels of importance are known. In order to solve this weakness, the fuzzy AHP, which has the α-cut as the consideration of fuzziness can be introduced. In short, the AHP is useful for comparing the priorities among the competing alternatives in a range of objectives to be met. The formulas for AHP calculation are easy to understand. Due to this, this can be widely used in more applications.
Conclusion
In conclusion, the loads priority in load shedding scheme is successfully selected by using AHP. AHP is a good multi decision making method and can be apply in any field of study. For this case, load shedding scheme providers might use this approach to determine the preceding load to be shed. Data of each branch or area will be collected by using software. Then, the operators or engineers can take the proper action in handling the problems. In fact, the malfunction of power system in the industries would cause a lot of losses to the companies. Hence, the losses can be minimized by fully utilize the load shedding scheme. Furthermore, the whole AHP process applies basic calculations in selecting the load based on a few criteria and alternatives. This enables users to conduct correction on the system easily. By obtaining the important parameters from the supervisory system, the appropriate actions can be done to prevent unnecessary incidents. This method also helps people to capture subjective and objective evaluation measurements. Last but not least, there are a lot of factors that will affect the load shedding scheme. Thus, AHP is introduced to the load shedding scheme for electrical system in a pulp mill is beneficial to either consumers or developers.
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